Traditionally, mechanical ventilation used tidal volumes (Vt) of between 10 to 15 ml/kg of body weight in order to achieve normal values of pH and arterial partial pressure of carbon dioxide (P a CO 2 ) 1 . In animal models, ventilator-induced lung injury 2, 3 is caused by alveolar overdistention rather than high proximal airway pressure 4 -with pulmonary oedema and lung injury the consequence of 'volutrauma' rather than 'barotrauma' 5 . High Vt mechanical ventilation without positive endexpiratory pressure also reduces the aerated volume and gradually causes mechanical non-uniformity 5 . In human subjects, ventilation-associated lung injury is defined as lung injury that resembles acute respiratory distress syndrome and occurs in patients receiving mechanical ventilation 4 . One of the most important factors responsible for ventilationassociated lung injury is high lung volumes in conjunction with increased transalveolar pressure 4 . Consequently, in the last two decades there has been a shift in practice, whereby more protective strategies are used in mechanical ventilation, with volumes as low as 6 ml/kg being used, especially for lung conditions with reduced compliance such as acute lung injury (ALI).
There is an association between the initial Vt used in mechanical ventilation and the development of ALI 6 . Although much of the literature supporting lower Vt has related to acute respiratory distress syndrome and ALI 1, 7, 8 , many clinicians today adopt lower volumes as a conservative 'safe' ventilation strategy, not only in patients with established ALI but also in patients at risk for ALI 6 . An international point prevalence study reported use of median tidal volumes of 8 ml/kg in intensive care units in the USA, Canada, Brazil and Portugal 9 . The method by which 'lower' and 'safer' tidal volumes are chosen varies between facilities. Anecdotally, doctors in our intensive care unit use Vt of 6 to 8 ml/kg, and they commonly estimate these volumes at the bedside by looking at the patient size and then further titrating Vt according to arterial blood gases (particularly pH and P a CO 2 ). The question remains as to whether or not clinicians are getting it right using this technique of estimating body weight and therefore Vt. 
SUMMAry
Traditional mechanical ventilation used tidal volumes (Vt) of between 10 to 15 ml/kg of body weight in order to achieve normal values of pH and partial pressure of carbon dioxide (P a CO 2 ). Many clinicians today however, adopt lower volumes as a conservative 'safe' ventilation strategy in most mechanically ventilated patients. The method by which this is done varies between facilities, but anecdotally doctors use Vt of 6 to 8 ml/kg, and they commonly estimate these volumes at the bedside. This observational study was undertaken in a 23-bed level 3 intensive care unit at a metropolitan tertiary hospital in order to determine whether or not intensive care clinicians are accurately determining the Vt during mechanical ventilation which they purport to do. The primary outcome measure was the Vt being delivered at the time of observation. Thirty patients were recruited into the study, resulting in 55 observations of synchronised intermittent mandatory ventilation with autoflow mode ventilator settings. Although volumes between 6 to 8 ml/kg were recorded in 33 (60%) observations, more detailed exploration of the individual's clinical circumstances reflects that the actual dialled volumes were correct in all but two patients. Intensive care unit mortality was 13% (n=2) in those patients receiving higher than anticipated Vts (n=15). This study has demonstrated that while we achieve a protective ventilation strategy by adopting lower Vts in most mechanically ventilated patients, we should be constantly monitoring exactly what volume is being achieved, not just what is dialled up to be delivered.
This observational study was conducted in order to determine whether or not intensive care clinicians are accurately determining the Vt that they purport to during mechanical ventilation.
MATErIALS AnD METHODS

Study design
This was an observational study of the normal clinical practice of mechanical ventilation settings and patient responses. The Sir Charles Gairdner Hospital Ethics Committee approved the study (reference number 2010-039) and a waiver of patient consent was granted.
Inclusions/exclusions
All patients admitted to the intensive care unit at Sir Charles Gairdner Hospital who were receiving mechanical ventilation using synchronised intermittent mandatory ventilation (SIMV) with autoflow were considered for inclusion. Patients receiving pressure support ventilation were excluded because this mode allows patients to determine their own Vt, depending on spontaneous patient effort.
Process
Observation was undertaken in a 23-bed level 3 intensive care unit at a metropolitan tertiary hospital. All patients were mechanically ventilated using Evita XL ventilators (Dräger Medical, Lübeck, Germany). Observations were made and recorded by the same observer (a physiotherapist) at least once a day.
Outcome measures
Outcome variables were observed and recorded directly from the ventilator graphics and included the Vt, ventilation mode, fraction of inspired oxygen (FiO 2 ), positive end-expiratory pressure, peak airway pressure, dynamic lung compliance and respiratory rate. Arterial blood gases were also directly observed and recorded. Other casenote data collected included the patient's age, gender and diagnosis. Height (physically measured from top of head to heel with patient supine, by physiotherapist) and weight (physically measured using hoist and sling [Arjohuntleigh Maximove Hoist, Eslöv, Sweden] on admission by nursing staff) were also recorded. Body mass index (BMI) was calculated using an adult normative chart (www.whathealth.com) and expected Vt (at 6 to 8 ml/kg) was calculated based on subject's actual weight if BMI was less than or equal to 25, or their ideal weight if their BMI exceeded 25.
Data was summarised as numbers and percentages for counts and medians and interquartile ranges for skewed variables. Variables were analysed using the Mann-Whitney test. Statistical significance was determined at P <0.05.
rESULTS
Thirty patients were included in the study during two separate month-long study periods in 2010 and 2011. These subjects provided 55 observations of SIMV mode ventilation, 28 in the morning and 27 in the afternoon (Figure 1) . Demographics of the cohort are presented in Table 1 . The median age of the patients was 58 years and they were mostly male (70%) and overweight (median BMI 28). Patient admission category, diagnosis and source were diverse.
The range of Vt delivered is summarised in Figure 1 . Volumes between 6 and 8 ml/kg were recorded in 33 (60%) observations. Of the 22 (40%) observations falling outside the target range, only one volume (2%) was underestimated (5 ml/kg), and of the 21 overestimated, 13 (24%) were greater than 8 ml/kg, but less than 9 ml/kg. There was no significant difference between subjects receiving 6 to 8 ml/kg (n=33) and the others (n=22) in the delivery of ventilation in terms of FiO 2 , positive endexpiratory pressure, P a CO 2 , peak airway pressure and BMI. There were also no significant gender differences across these parameters, or the Vt that was calculated based on a normal BMI (less than or equal to 25). Morning data are presented in Table 2 . Secondary analysis of the 21 high volumes (from 15 patients) on a case by case basis demonstrated various clinical scenarios where delivered Vt was higher than that set or intended by attending medical staff. The primary reasons for over-ventilation are summarised in Table 3 . Over half of the high Vts (n=11, patient n=6) occurred in patients who had primary metabolic acidosis. In most of these cases, although Vts set on the ventilator were within the 6 to 8 ml/kg range, the patients made increased spontaneous efforts on top of the delivered volume in an attempt to normalise their pH. Four of these patients were changed to pressure support mode soon after the Vts were recorded, with subsequent improvement in acidaemia.
In four subjects, high volumes (n=4) occurred when sedation was reduced and ventilation mode was changed to pressure support soon after Vts had been recorded. Two Vts (from two separate patients) occurred as a result of asynchrony with the SIMV autoflow mode, whereby volumes delivered varied widely, depending on respiratory effort and subsequently adjustment of volumes by the autoflow mechanism. Both patients had sedation reduced and were weaned to pressure support mode soon thereafter, with normalisation of pH and arterial blood gases.
Observations of Vt in 30
patients undergoing mechanical ventilation using SIMV with autoflow n=55
Observations of Vt between 6-8 ml/kg n=33
Observations of Vt of >8 ml/kg n=21
Observations of Vt of <6 ml/kg n=1
Vt of >8 but <9 ml/kg n=13
Observations of Vt of >9 but <11 ml/kg n=5
Vt of >11 ml/kg n=3 figure 1: Observations of mean Vt delivered (n=55) in subjects ventilated using SIMV, patient n=30. Discharge destination data is summarised in Figure 2 . Of the 15 patients who received higher than anticipated Vts, intensive care unit mortality was 13% (n=2). Another two patients died following transfer to the ward during the same hospital admission (hospital mortality 13%), however both of these deaths occurred more than 28 days after intensive care unit admission, with one related to respiratory infection and the other related to cancer.
DISCUSSIOn
The main aim of the study was to determine if 'clinical' adjustment of ventilator settings actually delivered Vt between 6 and 8 ml/kg, reflecting this intensive care unit's policy of low volume protective ventilation. The important finding is that at face value, this target was only achieved in 60% of cases. Over 10 years ago, an Australian study 10 reported a consistent use of Vts of about 9 ml/kg in intensive care units across three states. We found that 46 (84%) observations were between 6 and 9 ml/kg confirming a use of Vt slightly lower than that recorded in the study 10 . Although 'getting it right' in only 60% of cases seems unacceptably low, it is clear that the crude assessment of Vt delivered in isolation from other clinical indicators does not reflect the complexity of the mechanically ventilated patient. More detailed observation of the individual's clinical circumstances by case note review reflects that the actual volumes dialed up on the ventilator Died in ICU both within 28 days of admission n=2
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Discharged to another hospital for continued rehabilitation n=7
Died in ICU both within 28 days of admission n=2
Died on general ward Survived 28 days post-ICU admission n=2 were correct in all but two patients. The reason for both patients' high volumes was unclear from the clinical notes and results. In one case, although the patient was paralysed and dialled up to receive Vt between 6 and 8 ml/kg, the volume delivered was higher and machine error may have been responsible for the discrepancy. In the cases of metabolic acidosis, attending staff may need to look more closely at patients' respiratory rates and patterns of breathing in order to maintain Vt within the 6 to 8 ml/kg range.
It is of interest that there was documented 'large or copious' sputum in over one-third (n=8) of patients with high Vts. Although sputum can in itself cause variable airway compliance and resistance resulting in altered Vt, high lung volumes will enhance expiratory airflow and velocity 11 thereby maximising effective airway clearance and sputum volume. It follows that clinicians might increase Vt as a therapeutic response to high volumes of sputum.
Increased mortality risk is associated with either small (defined as less than 6 ml/kg) or high (defined as greater than 10 ml/kg) Vt 12 . Bersten 10 concluded that the mortality rates could be reduced with a minor change in clinical practice, relating to lowering the Vt to a more protective level. As such, a secondary outcome of our study was to measure if dangerous Vts (with the potential for volutrauma) were delivered, or high airway pressures (with the potential for barotrauma) were caused by the current ventilator strategy. In terms of intensive care unit mortality, the same number of patients in our study died in each group (6 to 8 ml/kg or other). In the group ventilated outside the 6 to 8 ml/kg range, neither of the two patients who died did so as a direct result of ventilationassociated lung injury. In addition, both peak airway pressure and P a CO 2 were always within 'safe' limits despite higher than anticipated Vt in some patients. The Evita XL ventilator will provide plateau pressure data in SIMV without autoflow mode, however because our current clinical practice is to use SIMV with autoflow, plateau pressure data was not available. The goal of many clinicians today is to provide a protective ventilation strategy by adopting lower Vts in mechanically ventilated patients. This study has demonstrated that while we achieve this in most cases, we should be constantly monitoring exactly what volume is being achieved, not just what is dialed up to be delivered. Estimating the desired Vt from the end of the bed only 'gets it right' 60% of the time.
